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ADVISORY
CIRCULAR

DEPMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

SUBJECT: AIRPORT DRAINAGE

1. PURPOSE.

This circular provides guidance for engi-
neers, airport managers, and the public in the
design and maintenance of airport drainage
systems.

2. CANCELLATION.

This publication cancels “Airport Drainage,”
AC 150/5320-5A, dated 1965.

3. REFERENCES.

The publications listed in the Bibliography,
page 79, provide further guidance and technical
information as may be required.

4. EXPLANATION OF REVISIONS.

In addition to minor changes in the text and
figures, this advisory circular includes:

a. Reference to more detailed rainfall fre-
quency charts now being published by the
Weather Bureau for eleven Western States.

b. Addition of other fundamentals for use
of Weather Bureau Technical Paper No. 40
and other technical papers and charts.

c. Emphasis on designing for direct runoff.

d. Information on grates and frames versus
aircraft types, weights, and tire pressures.

e. A new section on flow in open channels.

f. Consideration of low head situations for
grates in aprons.

g. A new section on culverts.

h. New recommendations for loads on struc-
tures in view of very heavy aireraft.

1. Additional emphasis on erosion control.

j- Information on permeability factors in
subsurface drainage.

"~ k. Addition of information on use of plastic
filter cloths in subsurface drainage.

1. Some corrections to sample drainage sys-
tem design data and to computations for pond-
ing examples.

m. Revision of minimum pipe cover table in-
cluding addition of corrugated aluminum alloy
pipe.

n. Mention of need for poliution control.

o. Addition of a bibliography of reference
material.
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Chapter 1.
1. CHARACTERISTICS OF AIRPORT DRAINAGE.

a. An airport should have smooth, well-
drained operational areas with sufficient sta-
bility to permit the safe movement of aircraft
under all weather conditions. The design of
adequate drainage is important because it af-
fects the stability and usability of extensive
areas: yet, these areas are subject to varying
soil and drainage conditions, and also have rel-
atively flat grades.

b. The drainage system should be built be-
fore or during the grading operations because
draining and grading are interrelated. A
drainage system cannot be expected to function
properly unless the airport area has been cor-
rectly graded to divert the surface runoff into
the svstem. In the absence of adequate sta-
bilization or pavement, drainage does not as-
sure an all-weather airport, but it does shorten
the interval of nonuse.

¢. The large area that must be drained on
an average airport requires an economically
designed drainage system to realize the full
value of the investment made. Sound engi-
neering principles must be applied in the uti-
lization of all available data, such as: topo-
graphic maps: soil reports; determinations of
water tables: intensity, frequency, and dura-
tion of precipitation: climate and temperature
reports: and nature of the area surrounding
the particular site.

d. The topography of the site and the off-
site areas affect the final layout of the runways,
taxiways, aprons, and buildings. The location
and size of these facilities will control the
grading and the extent of drainage required.
It is important that the grading of the air-
port be such that all shoulders and slopes drain
away from runways, taxiways, and all paved
areas. After final elevations on the airport
have been determined, all surface flow of water
onto the site must be intercepted and disposed
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of, any depressed or low spots on the site
must be drained, and all surface runoff must
be accumulated and directed into adequate
outfalls.

e. Enough tests should be taken to identify
all soil types because texture, permeability, and
capillarity have a pronounced effect upon their
drainability. Because of its effect on the sta-
bility of soils and on the ultimate design of
the airport, the water table should be accurately
determined over the entire area. When a high
water table does exist, provision should be
made for controlling or lowering it—or al-
ternatively raising the pavement grades—see
paragraph 21.

f. In designing a drainage system, it is im-
portant to determine expected precipitation at
the airport site. Intensity-frequency or pre-
cipitation data may be obtained and developed
from information in several publications as
noted in paragraph 3.

g. Localized climatological data should be
studied and advice sought on average frost pen-
etration and recommended minimum depth of
storm sewer installations for the area. For
some localities, records of average accumulated
snowfall would be pertinent to the drainage
design.

2. PURPOSE OF AIRPORT DRAINAGE.

a. The purpose of airport drainage is to dis-
pose of water which may hinder any activity
necessary to the safe and efficient operation of
the airport. The drainage system should col-
lect and remove surface water runoff from each
area, remove excess underground water, lower
the water table, and protect all slopes from
erosion.

b. Natural drainage normally does not meet
these requirements. Constructed drainage fa-
cilities must be sufficient to provide for present
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requirements and any future enlargements of
the systen. This may mean the installation
of a portion of a drainage system to supple-
ment the natural drainage on the site or it may
call for a complete system to drain the entire
airport area. A proper understanding of all
contributing drainage factors determines the
extent of the facilities required on each par-
ticular airport. ‘ '

c. An inadequate drainage system can cause
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serious hazards to air traffic at airports. The
most dangerous consequences of inadequate
drainage systems are saturation of the sub-
grade and subbase, damage to slopes by erosion,
loss of load-bearing capacity of the paved sur-
faces, and excessive ponding of water.

d. Aprons and other pavement should be
sloped away from buildings so that there will
be no possibility of fuel spillage flowing toward
buildings.

Chap 1
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Chapter 2. HYDROLOGY

3. RAINFALL.

a. The determination of the amounts of
rainfall and runoff to be used as a basis for
design of a drainage system is the primary
step to be considered by the designer. The
rate of storm runoff which will flow into the
system must be established in the preliminary
design stage. At some locations this may in-
volve rainfall plus melting snow or ice.

b. The importance of the rainfall-intensity
factor is well known to drainage engineers, par-
ticularly in its relationship to total runoff. In-
vestigations have shown that results of studies
regarding the probable intensity, frequency,
and duration of rainfall in particular locations
are more likely to be correct and conservative
if they are obtained from the records of many
stations rather than from the record of one
station. Single stations seldom give a true pic-
ture of the rainfall-frequency regime for var
1ous locations. The use of many stations in a
region to determine the pattern and value of
the rainfall-frequency values tends to mini-
mize the limitations of a small sample in both
time and space.

¢. Many investigations and studies have been
conducted to find a basis for making reason-
able estimates of the intensities, frequencies,
and durations of rainfall for different loca-
tions. A previously used publication by D. L.
Yarnell, “Rainfall Intensity-Frequency Data,”
has now been replaced by more recent studies.
Rainfall-frequency data for the United States,
Puerto Rico, the Virgin Islands, Hawaii, and
Alaska can Dbe obtained from a series of
Weather Bureau Technical Papers. Data for
the conterminous United States are given in
ESSA-Weather Bureau Technical Paper No.
40, “Rainfall Frequency Atlas of the United
States,” dated May 1961. Technical Paper No.
40 is intended as a convenient summary of
empirical relationships, working guides, and
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maps, useful in practical problems requiring
rainfall-frequency data. It is an outgrowth of

. several previous Weather Bureau publications

on this subject and contains an expression and
generalization of the ideas and results in ear-
lier papers. It is divided into two parts:

(1) The first part presents the rainfall
analyses. Included are measures of the quality
of the various relationships, comparisons with
previous works of a similar nature, numerical
examples, discussions of the limitations of the
results, transformation from point to areal fre-
quency, and seasonal variation.

(2) The second part presents 49 rainfall-
frequency maps based on a comprehensive and
integrated collection of up-to-date statistics,
several related maps, and seasonal variation
diagrams. The rainfall-frequency (isopluvial)
maps are for selected durations from 30 min-
utes to 24 hours and return periods from 1 to
100 years.

Rainfall-frequency data for Puerto Rico and
the Virgin Islands, Hawaii and Alaska can be
obtained from ESSA-Weather Bureau Tech-
nical Papers No. 42, “Probable Maximum
Precipitation and Rainfall-Frequency Data for
Puerto Rico and the Virgin Islands, “dated
1961; No. 43, “Rainfall-Frequency Atlas of
the Hawaiian Islands,” dated 1962 and No. 47,
“Probable Maximum Precipitation and Rain-
fall-Frequency Data for Alaska,” dated 1962,
respectively.

d. The preferred source of precipitation-fre-
quency information for the eastern two-thirds
of the conterminous United States is ESSA-
Weather Bureau Technical Paper No. 40.
Rainfall-frequency data for the eleven Western
States can be obtained from the physiograph-
ically adjusted precipitation-frequency maps
currently being prepared by the ESSA-
Weather Bureau. These maps have been com-
pleted for the States of Arizona, New Mexico,
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Colorado, Utal, Wyoming, Montana, Idaho,
Washington, and Oregon. Maps for Nevada
and California are currently being prepared
and should be available shortly. The maps for
the Western United States are only for the 6-
and 24-hour duration values and relations given
in Technical Paper No. 40 must be used to ob-
tain the values for the shorter durations (see
paragraph g below). Rainfall-frequency values
for Puerto Rico and the Virgin Islands, Ha-
waii and Alaska can be obtained from ESSA-
Weather Bureau Technical Papers Nos. 42, 43,
and 47, respectively. It should be recognized
that there may be_some locations where the
values from the generalized charts may be
either an over or an underestimate. If the en-
gineer suspects this to be the case, he should
investigate all possible sources of data for
additional information to verify or revise the
published values. Possible data sources are
the local ESSA-Weather Bureau Office, the
State Highway Office, State Hydrographers
Office, City Engineer’s Office, and perhaps local
drainage districts or utility companies. Such
locally derived data should not be used to
override the data from the Weather Bureau
Technical Papers unless there is ample evi-
dence that the latter data is clearly not appli-
cable to the local situation.

e. The rainfall intensitv-duration curves re-
quired for design purposes, in the conterminous
United States, can be derived from the charts
in Technical Paper No. 40. Figures 1 to 5 are
examples of the charts in that paper. It is not
intended that these ficures be used for deter-
mining intensity as the scale was kept quite
small for illustration purposes. Return periods
of 2, 5, and 10 years are sufficient for airport
drainage calculations and sufficient for com-
parisons between such periods. To construct
intensity-duration curves such as shown in Fig-
ure 6, begin by spotting the airport location
on the 30-minute, 1-hour, and 2-hour charts
for 2, 5, and 10 vears in Technical Paper No.
40. Then read the intensities by scaling be-
tween the isolines, linear interpolation between
adjoining isolines is sufficient. For example,
the 5-year, 30-minute rainfall chart (Chart 3)
reveals that the intensity at Chicago would be
1.37 inches. This must be converted to a 1-
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hour basis for curve plotting purposes, there-
fore, the scaled quantity must be multiplied
by the ratio between 1-hour and the 1l4-hour
duration (1.37 X (60 + 30) =2.74""). Plot this
intensity on coordinate paper (using inches
per hour as ordinates and duration in min-
utes as abscissas). Similarly, scale the inten-
sity for Chicago for a 1-hour rainfall to be ex-
pected once in 5 years from Chart 10, for a
2-hour rainfall from Chart 17, and convert the
latter value to a 1-hour basis. As Technical
Paper No. 40 does not have short-duration rain-
fall charts, i.e., for 5, 10, and 15 minutes, it is
necessary to use the Weather Bureau developed
relationship between a 30-minute rainfall on
the one hand and 5-, 10-, and 15-minute
amounts on the other. This relationship is as

follows:
Duration (minutes) 5 10 15
Ratio 0.37 0.57 0.72

Thus, the Chicago 30-minute amount of 1.37
can be reduced to a 5-minute amount by multi-
plying 1.37 by 0.37 or 1.37 X 0.37 = 0.51"";
similarly, 1.37 X 0.57 = 0.78"” for the 10-min-
ute amount, and 1.37 X 0.72 = 0.99”” for the
15-minute amount. Then convert these values
to a 1-hour basis as described above. Accord-
ingly, the 5-, 10-, 15-, and 30-minute, 1-hour,
and 2-hour intensities give 6 points on the co-
ordinate paper and a smooth curve can be
drawn through the points to construct the
5-year curve. This curve will indicate the in-
tensity of rainfall to be expected for any time
interval from 5 minutes to 2 hours for a storm
that might occur once in 5 years. The same
procedure should be followed to construct
curves for 2 and 10 years. Figure 6 is a
graph exemplifying this procedure.

f. Similar procedures can be followed in
Puerto Rico and the Virgin Islands, Hawali,
and Alaska, using charts from the appropriate
Weather Bureau Technical Papers to obtain
values for 30 minutes, 1, and 2 hours. The
5-, 10-, and 15-minute values can be approx-
imated using the ratios with 30-minute rain-
fall values cited earlier.

g. The more detailed rainfall-frequency
charts for the 11 Western States, referred to in
paragraph d above, should be used to obtain
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the rainfall intensities for the more variable
conditions found in the mountainous areas of
Western United States. These studies provide
detailed maps which depict the variation in
rainfall-frequency values in this portion of
the country. These maps were developed to
depict the rainfall-frequency values for average
conditions along orographic barriers and in
mountain valleys. At some locations, where
the topography departs significantly from
average conditions, values determined from
the generalized chart may be either an under
or overestimate. Locally available data for
these locations could be considered by the en-
gineer to modify values obtained from the
generalized charts. Such locally derived data
should not be used, however, unless there is
ample evidence to show that the local situation
insists that such data are more applicable than
that in the generalized charts. The following
procedure will need to be used to convert the
information in the charts for the 11 Western
States to a more useable form. As the charts
provide values for only the 6- and 24-hour

Chap 2
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durations, it is necessary to compute values
for the shorter durations for our purposes.
This can b edone by using Figure 2 of Tech-
nical Paper No. 40. (First note, however, that
these charts show values in tenths of an inch,
so they must be converted to inches.) For
example, read the 5-year, 6- and 24-hour
amounts for the airport location from the
charts and plot these amounts on Figure 2.
Lay a straight-edge across the two points
and read the values for 1- and 2-hour dura-
tions at the proper intersections. Estimate the
30-minute rainfall by multiplying the one-
hour value by 0.79. Then proceed to convert
the 30-minute value to 5-, 10-, and 15-minute
values by using the ratios given in paragraph
e above. Then convert the values to a 1-hour
intensity and construct a 5-year curve in the
manner described in paragraph e.

h. The use of the data, developed as de-
scribed in either paragraph e or g above, is
taken up later in Chapter 5 and is the basis
for estimating runoff.
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